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CROWD SEGMENTATION BASED ON 
FUSION OF APPEARANCE AND MOTION FEATURES 
Ya-Li Hou and Grantham K. H. Pang 
Department of Electrical and Electronic Engineering, The University of Hong Kong 
ABSTRACT 
Crowd segmentation is an important topic in a visual 
surveillance system. In this paper, crowd segmentation is 
formulated as a problem to cluster the feature points inside 
the foreground region with a set of rectangles. Coherent 
motion of feature points in an individual are fused with 
appearance cues around the feature points for crowd 
segmentation, which has improved the segmentation 
performance. Furthermore, three descriptors are proposed to 
extract the points with a non-articulated movement. Some 
results on the CAVIAR dataset have been shown. The 
results show that coherent motion cue can be used more 
reliably by considering the points with rigid motion only. 
Index Terms-Crowd segmentation, human detection, 
Implicit Shape Model (ISM), coherent motion. 
)dlf :5f!lj )EJill!9yHlii � �9! � -1-�� '*' :m � i¥J i% H2i 0 i�)elm 
M�m-m�%.ru�M����M�*fi*mi¥J�$ 
*��A�*��H2io A�M�����-�t i¥J#� 
�M�m�A�*�#����, ��7*��t �o 
ill-��, *)elmM��A�����M�, �M�� 
���-�t i¥J#���7��ai¥J�mo 
�.inJ-Af+5HiU I A 1*t&�yW I Il�Jt%�t�� (Implicit 
Shape Modej) , JiiZ)!] "13dtJ:. 
A��5Eit;fQ A�*ji,'tl)E:� ��%l:� 9=r-1-�� '*'�� �fi!2i 
§o ��A��ili7*.��%**�, ��#��m 
�B$m�A���o �9=r, *��illfiA�*�-1-
{lU�.:��*mo 19�, A�%*jr�5W���B'l: fUA�1m 
mm, ����m����o *)e�ili7-#�*�m 
��A���m�ffi����$, ��7A�*��t  
��o 
978-1-4577-1833-51111$26.00 ©2011 IEEE 
105 
�A�*��A�����, 8�*.ffi�)e�o �� 
.���, �£��M�� ���$.ffi��-@I 
fF 0 [1 -5]1'f�)E:lmMA�*ji,'lj i¥J��t*Jt:3§tlA��it;fQA 
���Bi¥Ji¥Jo ���)em�����i¥JM����$ 
*�A�o Tho �AlmM��M���i¥J�$��#� 
�f#A��${2L�,[I] 0 *��ttE?MftW*.m!9Yi�i¥J�ili�f.m 
��*.��.i¥JM�����, �.i¥JA�.ru�ffi 
tJlt�5E11'L�,o Rittscher �1R:� 7M����i¥J-@7TH¥ 
,9, #{�m Expectation-Maximization (EM) B�t m -�H� 
%t�ru�4f)lU'f ,9,ill1T*�£l[3] 0 *B$ �11£ 7 �8u �:ill� 
��*o ��**I ���$�*.�8u�:ill��m 
�, ffi��9=r8u�:ill�*���������tto w 
H, �@�$�&��*�m8u����$�m�o $ 
��, �ill����A�1-���.*m8u���:ill� 
m�ili*offi)E:, �A�1mmN���, *�1-��� 
�t�f.mtEM������o 
HOll;fQ Pang �ili7-;frp;fUm8u��M,9,ill1TA� 
*ji,'u ��$[5] 0 i��$1ff: ili 7 -;frp,f,frru �A �#{iE,9, * 
�.ru#�-1-�*m*, �������9=rillfi7� 
�o lmM�m8u��M��*�, **��7�$�8u 
�:ill�f§ ,�,�*.'t1o 11h1fJJ§*�I 1'F9=r [4] I ;fUm-;frp 
��.rt;%*t�ru (ISM) [6] I 1ff:�78u��M,9,m��A 
�*�#�o ���*�mM��m�, m�7�$tE 
A�1mmm�����mt , ��7�$��mm�o 
ffi�, �����$�*�.�ili���mA���# 
1iE��1:£o 
Jj-�OO, [7, 8] 1ff:ili 7;fUm1-����:tUL��$JL 
��#�*illfi*����*�o *��-1-��#� 
�lm,*,�-������, W*���1-��#��� 
�$JL�IJlU��o {g)E:, [7, 8] 1'f��;fum7feJJ¥Li¥JA�* 
��#�, &#�*��A�*��m�o Jj*, A� 
i¥J�����&�������, **m�i¥Jm�� 
�ft!U 0 
����*�, *)emili7-#�*�#��1-� 
�:!LlL��#1iE*§ �� i¥J A�*jlj:ljB�t 0 
3.1i� 
Jg 7 �iLA �jr��t�ru I i���t{gJtiJll�*;fQ�ftW�m1-�fr 
�o iJiI�*�fr���lmMl)iI�*t¥*4:\t!;I,gt�rui¥JA�jr�1!I 
.�&�m.��A��$*OO��_.o ����� 
mM*�m������g�m���ill�AD*�o 
�l)iI�**'f*9=', A�A/N�IHpJ�f1!,flFtt, ��8u�IX� 
*mM���tt���*�o §ffim�������, 
A�%�*��#��A���o ��, ��*��� 
����r�t��YirfJtl, l)iI�*,f¥*5fol)II�*,f��1'f�}i\L:mifJT 
�iLo 
l)iI�*�fr�±�*j7]zv*�o i§$'G, ;fum KLT �}�t& 
wW�t�Jtt*�A��*f{iE,8 [9]0 fi£:m KLT �,8t&WW, 
;!E:�7'9 KLT � ,8J'!-13'1��J�Ji!�Jj'jj;'t1ijWo], 13';fu�r­
zv�g���OO�mo A�.��OO���±�*�� 
1m, ffi]$, JJ!P�o ��z5'l-, *1f1��,8*�::&��pXA 
fth�t1P�o �=zv, �4lt��{iE,87'99="L.', tff:Jtt 16x16 
.�A�oom.�o 4lt�m.�m��� Nn�m 
(Histogram of Oriented Gradient) ft 7'9 5'1- �5t t/B :l£: f.1 
[ 11] 0 � -'ZV, ��,f5(jNn�mZ['8] OO�f\:1iEIi!J, �� 
=zvm�m.�ill�.�*�o .�M�-nill��. 
iEi: � Im:!k m fi � Z ['0] � f\: Ji!E Ii!J � M 0. 7 7'911:0 tr 
CAVIAR rfJtlWW�9=', *� 40 �A�,f¥*�m.�. 
�,¥:*7'9 N =:14 :!ko �-:!k�m.�m��13·�§1bl,5'1-%0 
1fOO��7'9�$m.�, �-���7'9�$m.�o 4lt 
-�9='m1fm.�OOf����Nn�m�7'9��OO� 
���o .FP, 7'9��4lt-�m.��A��$w�� 
00_., �=ZV9='OOm.����������ttMA 
JiJTtrA�'€flHfto "\!Om 1 JiJTlF, *::tfi£:m 3x3 ��lFA� 
���$Wo ���m����4lt-:!kft����mli!J 
�§ * 0 * ::t  � m wnl (ql' C,,) =: exp( -dist(ql' c.,)) , 
n=I,2, .. .N ft7'9 � ��xm o §Im� �*�ffi� �, 
dist(q" cn) =:0, wnl =: 1 , § 1m � �Z ['0]  � f\:Ji!E Ii!J {�A 
�, ���m�*�0 .FP, �4lt-��9 ��9='00 
.��mill��-��������$WOO��_. 
Pni, n = 1,2, ... N; i = 1,2, . . .  9 0 
3.2. ldiAMtm 
m2�ili7������mo ����±�*�rnzv 
*�: ��&m.��Jtt, *���*��AD*�o 
106 
r-- -------'�'- --- -------, I !Ji'il-�1'I'fB.r;!.fH�UL2tf0til\;M& I 
I 1-------- - ----------
� �--
*Gffig •• � ��mg •• &�M 
ISMf>\!!:l &�!l!:iL(I'J�i;I]1'iLm 
III 2. Jn���III • .:E�iY.mlll.tk!lUJt, ��fl�fiE� 
tT, Atf��J'=: �� •• 
m.�OOtff:Jtt�l)iI�*�fr ��1bl,0 � 8u�ADIX�1*J 
KLT ��7'99="L.', �JttA)jIfj1l 16x16 .�A/J\OOm. 
�o 4lt�m.�mm���Nn�m�7'9t/B:l£:�o 
��l)iI �*� �l!iL 00���%�,f��, 4lt�� ,8�A 
��$wOO��_.��m(I)�.o m1f���m 
fi � � f\: Ji!E Ii!J 1� � [�fl"f. 0. 7 � :!k ,  � �X fl"f. 
wn,(ql'c,,)=exp(-dist(ql'c ,,)), n=I,2, .. .N �l�mfi�� 
�o .����m���ill��-�, ���m.�� 
A��$fftOO��_., P/i' i=I, . . .  ,9 0 �$m.�m 
��� 1, 4, 7 ��J:H��n§Jfl"f., rm�tp$m.�JnUm� 
tr.����9='��_.��Ao L7'9��m.9='m. 
�'\�,�B 0 
L WnJqI'C,,)* Pni 
dist(qt .c")<th 
. 1 9 I l L ( ) P/i=: L wnl(ql'c,,) ,1=, . . .  , =, . . .  , 1 
����m�_., ����AD9='����$� 
�o tr�¥, §m.�tr�I, 4pX 7�9='��_.�� 
fi;gm (119) �, ���}i\L�,85E)(7'9�$�,80 ��$ 
� ,87'9W%�!Jf- 9=' ,L.', �1��U -�l!*JJ�tl AD*:1ri, 
R={rk, =I, . . .  ,K}0 A9=', rk7'9JfL�A�,f��, �l:I:!.m 
�%�lFo W��%�A�*m�$W.�m.�A� 
OOf�A��.o ���AD*:1ri9=', *���y�� 
OO���*&:J'!-1f�A y �,flF��JJ.ftt."300-®�, �4f4l;t�� 
�*-*��-�W%OO�£IX�l*Jo *����W% 
.�9='OOW., 4lt�����-�*m, �o §��w 
�W%�i��, ��=:�o ��, §����-�� 
���$w�, �*m���; ffi&§����-�� 
��$fft�, �*m�tt�1�0 
! I 1 ...... OOllallllllaonaa .... . -•••• 
o • • 
' ... 
" 
m3.����$��������. L: �$�*��.���, ������g����n�; r:�$� 
*��.���, ������.����n� . •  ���, .��m: 1,���:O 
g�*��y���*���������m�A�* �����m����*��������$. � 
������ •. ��M��, �������.�$ �, �mftm�ffl7����m���m�*�� 
w %tl �, tlHJiS IJT i¥J J�!jj� 'rN i}G �4f JJf(:1f j§ }� lilJT * MCfU IJT 1* $ * i¥J j§ ,� : 
i¥JW%�.�, ill�1�fUIJTi¥J*fH. JffiM�r�j§,�ftIJT • +1-1 5$9rI*JRlGr1JJI!lU.MIjH&, nJ; 
IBW%�i¥JYH�, ���*f1iE. {R:JE�l9l��.i¥J��j. • ��$;�t�{ift, M,; 
&MtA1T��ZV��' H�1�fu:IIJ'zJ§i¥JA�*jitU�5IL 
• �����1t-'fJ;gm 0 . 
· ��, �*���.��J§, m�j§�*m��� 
��*m�*i¥Jj§����M�(¢2)�, $� 
����.���A��W���. �7'9, �L� 
•• ����.i¥J������*$�j§�ftA1* 
�1�fU�i't mi¥JJJ)c!L 
• jA[7, 8]��1�1±\, *� 1EJ-�1*i¥Jj§,�Jffi#��� 
-������, �*��IEJ�1*�j§����� 
I)lU�lEJ. ��, 3-�m�€l�.�,f$���@RlGj§,� 
ft�m%�������-�81, �3�W��� 
� •. �t¥��1�¥u�i'tf!ll�A�*jitu�*. 1EJ[7] 
�m�, �m�fflm%.��m#�ft�1 5 MI*J� 
����.�mfti¥J-'f�m�, �7'9���.�� 
�JL�-�'r1�iJ:l!Vil)lU. f!Il�JHwi5G �, �IJ1*Lj§,� 
����=:O. 
m�tt.i¥J�, j§�����i¥J-�t , ## 
���A1*����, ���$j§�i¥J��, �i¥J 
��. ��, ��*�IEJ-�1*i¥Jj§�, m��� 
���i¥J�m. *��$��+i¥J*f���A�� 
1*��i¥J*f�, ����-�t ������i¥J� 
hl. �3B�7*��$��$�*�i¥J��� 
�. �T%�����, *��$i¥J�Jffi#��� 
��m�i¥J���*. j§�ft�M��i¥J��mm 
�.JE��������i¥J. ffi&, �TM$�% 
��*, *��$i¥J����m���. ���M 
107 
, In '  
.R1f3nJ>24, M,<l 13. Om <1 81, ;;t�:i:t�,�fF7'9�U 
1*��,�, fflT��*f1iEi¥J*tJT. 
• :llJ'zm, �*%*f����%�*�*-ZV�*� . 
�JE-�����A1*m5i¥J:IIJ'z�j§���. *� 
�����*�, m��1*�#ftm��m��. 
j§����. 3m%�,f$���*m�*�j§�� 
�M*�, �������.��. �-�OO, 3 
m%,f$�m, ��m%�m#j§����m�A# 
m��-�t 81, Jffi#.�����.��j§�� 
�W%�j§�*�IEJ-�1*. ��, ����.& 
��,f$�. 
CAVIAR f�*yJ:��-�J�Jffiffl ��WiJ\�[1 2]. ��� 
��m-m*���Jffim�ft�����. �.*m$ 
7'9 384x288 .�, f�*Yi$9r�$7'9mfY 24 $9r. *)('Vil�*� 
*� CAVIAR �.li��YU�i¥J 22 $;� •. 19l�iJ\�JnU* 
� �jr���IEJT1)iI�*�i¥Jf�*Yi�YUL. 
ftm��#�$ill�7��. �$-7'9�T*%*f 
�i¥J�$, ��fflffM*f����i¥Jm�. �$ =7'9* 
%*f����*f�ffi�i't, ��*f���7m��i¥J� 
���. �$�IEJ�$ =@&��7A��1*��*f� 
,�i¥J�JL�. 
�#���*$�� �.���7ffiM��*o � 
�.���, �4 ���ili7��$*���*, �� 
5.1i\iffil::.:ffEJ�¥�zr8]�I::�wo � 4 a,c, �W�pJT�:l1t, WHrft 
��ili������m���.�7����o ��� 
�m%fEJ��m7*���A�M�o .�z�M�tr 
fJT�mJT��;fr�-3&�ili��Aj2fo � 4 e  �lJ1uRff���1j 
�ili�������.�7����o �*, �m�:l1t 
pJT�, �JiIj���Ij�ili�)���jQ[Ii], � 4 b ��¥� =�i� 
rlli1*li7 -�m%mJ � 4 d  IJ1U�i�rlli.�7 -�mJT�o 
����*��WW�ili, ili�m������� 
ill��*%�������fi�, ������o mJ� 
��Ij�ili�,B��¥�IJ1Ij���fi1ifij:J;llimj£���:lLlz:ili�� 
��o ��� =�W, �����*�����li7� 
W���WmJ .�7��, ::.:f�W��W1uo 
5.lf(W 
i�r�§E8Wm*,,¥:CRCG grant 21476021 �Mo 
6.ta� 
*��AD*��B��AD�$M�*lli��Bo � 
�M�m��*���®����ili��j2f, ���ili 
7-#�*�m�®����ili�m�ffi���AD* 
jifu��o JiiitH)t)(�Ij�ili��M�, ill-WtH:r§J 7 �� 
�!I!�ili�f§,�,��$,t1o � CAVIAR *�!VYLt�W1UiJ\�* 
*)]WiiE�7�¥��:fi�:5l,t1o 
(a) (b) (c) (e) 
III 4. =:flt1JtttJCJtaJ!Itt3( . •  -fj-: �T��fl�fiEtJCJ1Jtt C1Jtt-) ; .=fj-: ��fl�fiE��THTfltf.J..atJCJ)glib 
�fiE*Hta-€r C1Jtt=) ; .=:fj-: ��fl�fiE��Tli!d1*'1lIHttf.J..atJCJ)glib�fiE*Hta-€r C1Jtt=:) • 
7.��)(� 
[1] T. Zhao and R. Nevat ia, "Tracking mult iple humans in 
complex sit uat ions," IEEE Transactions on Pattern Analysis and 
Machine Intelligence, vol. 26, pp. 1208-1221, 2004. 
[2] T. Zhao, R. Nevat ia, and B. Wu, "Segment at ion and 
Tracking of Mult iple Humans in Crowded Environment s," IEEE 
Transactions on Pattern Analysis and Machine Intelligence, vol. 
30, pp. 1198-1211,2008. 
[3] J. Rit t scher, P. H. Tu, and N. Krahnst oever, 
"Simult aneous est imat ion of segment at ion and shape," in IEEE 
Conference on Computer Vision and Pattern Recognition. vol. 2, 
2005,pp. 486-493. 
[4] Y.-L. Hou and G. K. H. Pang, "Human Det ect ion in 
Crowded Scenes," in IEEE International Conference on Image 
Processing, 2010. 
[5] Y.-L. Hou and G. K. H. Pang, "People Count ing and 
Human Det ect ion in a Challenging Sit uat ion," Systems, Man and 
Cybernetics, Part A: Systems and Humans, IEEE Transactions on, 
vol. 41, pp. 24-33, 2010. 
108 
[6] B. Leibe, E. Seemann, and B. Schiele, "Pedest rian 
det ect ion in crowded scenes," in IEEE Conference on Computer 
Vision and Pattern Recognition, 2005, pp. 878-885. 
[7] G. J. Brost ow and R. Cipolla, "Unsupervised Bayesian 
Det ect ion ofIndependent Mot ion in Crowds," in IEEE Conference 
on Computer Vision and Pattern Recognition. vol. 1, 2006, pp. 
594-601. 
[8] V. Rabaud and S. Belongie, "Count ing Crowded Moving 
Object s," in IEEE Conference on Computer Vision and Pattern 
Recognition. vol. 1,2006, pp. 705-711. 
[9] S. Birchfield, "Source code of the kIt feature tracker," 
http://www.ces.c1emson.edu/-stb/klt/ , 2006 . 
[10] J. Shi and C. Tomasi, "Good feat ures t o  t rack," in IEEE 
Conference on Computer Vision and Pattern Recognition, 1994, 
pp. 593-600. 
[11] N. Dalal and B. Triggs, "Hist ograms of orient ed 
gradient s for human det ect ion," in IEEE Conference on Computer 
Vision and Pattern Recognition. vol. 1,2005, pp. 886-893. 
[12] http://homepages.inf.ed.ac.uklrbf/CAVIARl. 
